A number of cultured cell lines have been widely used to investigate the cellular mechanisms of action of the various hormones. Several cell lines originating in the adrenal cortex have been established and some of them are now commercially available.
These include mouse adrenal cancer cell line Y1 (Morera and Saez 1980) , rat adrenocortical carcinoma 494 (Ganguly et al., 1984) and SW-13. SW-13 is the only widely available cultured human adrenocortical cell line established from a small-cell carcinoma of the adrenal cortex (Leibovits et al., 1973) . Although several morphological studies on this cell line have been reported 1981 ; Silva and Gilula 1972) , there are few reports on the biochemical function or steroidogenesis in this particular cell line, except that by Murray et al. (1981) . They have reported that production of both cAMP and fluorogenic steroids in this cell line is not stimulated by adrenocorticotropic hormone (ACTH) or cholera toxin (CT), a receptor-independent direct stimulator of adenylate cyclase (Cassel and Pfeuffer 1978) . Dehydroepiandrosterone sulfate (DHEA-S) is characteristically produced in a much larger quantity in the human adrenocortical carcinoma (Plotz et al., 1952) and in fetal adrenal cortex (Simpson et al., 1979) . In order to define the function and the mechanisms of steroidogenesis in SW-13, the effects of several peptides which stimulate steroidogenesis in normal adrenal cortex, as well as the direct stimulators of adenylate cyclase and of protein kinase C, on the production of several adrenal steroids and cAMP, were studied in this cell line. Bars and brackets represent the mean and SEM, respectively, for three experiments.
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Discussion
Significant stimulation of cAMP production was demonstrated in SW-13 by both CT and FS in the present study. cAMP is one of the important second messengers for adrenal steroidogenesis which in turn activate protein kinase A in the normal adrenal cortex (Shima et al., 1980) . However, no significant increase in the production of steroids was demonstrated in spite of a significant increase in the cAMP concentration due to these receptor-independent stimulators of adenylate cyclase in SW-13. CT is recognized as activating the catalytic unit of the adenylate cyclase by inactivating GTPase in the regulatory unit of the adenylate cyclase (Cassel and Pfeuffer 1978) . FS stimulates cAMP production by directly acting on the catalytic unit of the adenylate cyclase (Seamon and Daly 1981 our present results suggest that both the regulatory and catalytic units of the adenylate cyclase are functioning and also suggest that there is some coupling defect(s) between cAMP and protein kinase A or distal to this step in SW-13. Another possible defect of this cell line may be the impaired Ca2+-influx by cAMP, although all of these possibilities still remain to be investigated.
The exact reasons for the discrepancy between our present results and the report by Murray et al. (1981) who have failed to detect cAMP production by CT in the same cell line, are not clear. The difference in the culture medium used in the experiments might have resulted in a different response of the cells to CT. No details of the method for cAMP assay are given the report by Murray and coworkers (1981) . Thus, another possibility is that the sensitivity of the cAMP assay they used was lower than that employed in this study so that a small increase in cAMP might have escaped detection.
The production of Ald, B, F or DHEA-S, as well as cAMP, was not increased by ACTH or HCG.
The concentrations of ACTH (Pedersen and Brownie 1980; Farese et al., 1983) and HCG (Meidan et al., 1985; Dyer and Erickson 1985) used in this study were much higher than those which stimulate steroidogenesis in vitro in the adrenal cortex and in the gonadal gland, respectively. Therefore, the present data indicate that SW-13 may either lack the receptors for these hormones or have some coupling defect(s) between the receptors and regulatory unit of the adenylate cyclase, if these hormones had bound to the receptors. Since both ACTH (Shima et al., 1980; Farese et al., 1983) and HCG (Mcllroy and Ryan 1983) have been reported to stimulate adenylate cyclase, the unresponsiveness of cAMP in SW-13, in spite of functioning regulatory and catalytic units of the adenylate cyclase, favors the lack of the receptors for these hormones.
The study of the binding of this hormone is produced only in the fetal pituitary (Silman et al., 1976) and does not normally exist in post neonatal life except in some ectopic ACTH-producing carcinoma cells (Abe et al., 1967) in man. In the present study, significant production of DHEA-S was demonstrated in this human carcinoma cell line by a-MSH, without an increase in cAMP production. Thus, these results suggest that the receptor for a-MSH in SW-13 is not coupled to adenylate cyclase to stimulate steroidogenesis. The biological actions of A-II (Garrison et al., 1984) and a-adrenergic receptor mechanism (Exton 1985) are mediated through the PI-DG-protein kinase C system and also Ca2+-calmodulin. On the otherhand, (3-receptor is coupled with adenylate cyclase (Exton 1985) . Significant production of DHEA-S was demonstrated in SW-13 by noradrenalin, adrenalin, A-II and a-MSH without demonstrable stimulation of cAMP production in this study. TPA has been known to directly stimulate protein kinase C, thus mimicking the action of DG (Castagna et al., 1982) , and secretion of hormones in normal endocrine glands (Pruss et al., 1985; Abou-Samura et al., 1986) . A23187 is a well established Ca2+ ionophore (Blackmore et al., 1978) and causes the release of steroids by normal adrenocortical cells (Capponi et al., 1984) . Ca2+-calmodulin system has been reported to be a key factor in adrenal steroidogenesis (Hall et al., 1981; Sekimoto et al., 1984) . Demonstration of significant release of DHEA-S into the medium by TPA and A23187 in SW-13 suggests that an intracellular signaling system which involves protein kinase C and Ca2+ is indeed functioning in this cell line. Thus, the present results indicate that SW-13 may have a-adrenergic, A-II and a-MSH receptors which are functionally linked with the PI-DG-protein kinase C system or with activation of the Ca2+-calmodulin system. However, the existence of these receptors remains to be proven by the study using the appropriate agonistic and antagonistic ligands. Further study is also required to establish the exact mechanism of DHEA-S release by TPA and A23187 in SW-13.
SW-13 was shown to produce at least DHEA-S in response to several ligands in the present study.
These results imply that SW-13 probably contains a complex of enzymes, such as 17a-hydroxylase, 17, 20-lyase and which are required to produce DHEA-S.
No significant production of other steroids such as Ald, B and F was demonstrated in response to any of the factors examined, and this may be accounted for by the relatively lower sensitivity of the RIA's employed to determine these steroids in this study.
However, aldosterone and corticosterone in primary culture of the rat adrenocortical cells under similar conditions using smaller number of cells than in the present study, have easily been detected (Horiuchi et al., 1985 (Horiuchi et al., , 1987 Farese et al., 1983) . Thus, significant amounts, if any, of these steroids except DHEA-S, are not likely to be produced in this cell line.
Iu summary, significant production of cAMP by CT and FS without steroid production, and release of DHEA-S by catecholamine, a-MSH, A-II, TPA and A23187 were demonstrated in SW-13 in the present study for the first time, although in a preliminary form.
Thus, SW-13 probably retains a functionally intact regulatory and catalytic unit of adenylate cyclase which has some defect(s) in mediating the intracellular message between cAMP formation and the production of steroids.
The present results also suggest that other intracellular signaling systems such as the PI-DG-protein kinase C system, and that involve Ca2+, are functioning in SW-13.
Since 
